Abstract: We report on the first experimental observation of two-dimensional dipole-mode vector solitons. We demonstrate a decay of an unstable vortex-mode soliton into a robust dipole-mode soliton in a SBN crystal. Optical spatial solitons in (2+1) dimensions are particle-like solitary waves created by light propagating in a nonlinear bulk material and self-trapped in two transverse directions [I]. The exhaustive research of the past decade has shown that these light particles can have topological phase properties analogous to charge. Moreover, several light beams from a coherent source can combine to produce a single vector soliton which will have a complex internal structure. This process can be thought of as formation of a "solitonic molecule" fiom the elementary constituents of different charge.
Recently, the existence of a dipole-mode vector soliton, has been predicted theoretically [2] . It is a novel type of an optical vector soliton that originates fiom trapping of a dipole HGo,-type mode in one optical beam by a fundamental-soliton-induced waveguide created by the other, co-propagating beam. Moreover, it has been shown that, while many other topologically complex structures may be created, it is only the dipole mode that is expected to generate a family of dynamically robust vector solitons. The closest counter-example is the recently studied vortex-mode vector soliton [3] , which has a node-less shape in one component and a vortex in the other component. Such a radially symmetric, ring-like vector soliton has been shown to undergo a symmetry-breaking instability [2, 4] , which transforms it into a radially asymmetric dipole-mode vector soliton, even in a perfectly isotropic nonlinear medium.
To observe dipole-mode solitons in strontium barium niobate (SBN) photorefractive crystals experimentally, we employ two different methods to generate a vortex-and a dipole-mode input beam. First, we apply a specially fabricated phase mask to produce a vortex-mode beam. Second, we use a thin glas plate, to generate a dipole-mode beam with a transversal phase shift of IC. The vortex-or dipole-mode beam and the Gaussian beam have to be mutually incoherent and they form a robust dipole-mode soliton when they co-propagate inside the crystal, as predicted by the theory.
The experimental setup consists of a standard Mach-Zehnder arrangement which is used for studies of soliton interactions [SI. An ordinary polarized laser beam (A=532nm) is split into two parts. The first beam propagates through a computer generated phase mask or partially through a thin glass slide to obtain the required phase distribution. In this way, we obtain either an optical vortex with vanishing intensity in the center of the beam [see is much larger than this modulation and so it can only respond to the time-averaged intensity distribution, thus the two beams appear incoherent. In all our experiments the initial power of both beams is in the range of a few @' . We also examine experimentally a non-trivial break up of the vortex mode, w [ Fig. l(a) ], in the presence of the Gaussian beam U. Without the Gaussian beam, the scalar vortex component exhibits filamentation due to the modulational instability [7] , which is shown in Fig. le) . When the vortex component w is launched simultaneously with the uncharged Gaussian component U, the scenario of the instability development changes dramatically. The vortex-mode soliton instability leads to the formation of a dipole-mode vector soliton illustrated in Fig. l(c) . Its w component is shown in Fig. l(d) . In a second step, we generate the dipole-mode soliton by inserting a thin glas plate partially into one of the input beams to create a dipole-like structure with a n phase jump across its transverse direction [ Fig. 2(b) ]. If the dipolemode bearing beam propagates through the crystal in absence of the Gaussian beam, the two out-of-phase lobes form two coherently interacting fundamental solitons that strongly repel each other [ Fig. 2(d) ]. Their separation increases from 28 pm in Fig. 2(b) to 70 pm in Fig. 2(d) . If the mutually incoherent fundamental Gaussian beam and the dipole-mode beam co-propagate in the crystal, they form a robust dipole-mode vector soliton [ Fig. 2(e) ]. The two contributing components are depicted in Figs. 2(f) ,(g). To be able to recover the two single components of the vector soliton, we block one of the beams and record the remaining intensity distribution instantaneously, which corresponds to the vector soliton component of the unblocked beam. This method makes use of the relatively slow response of the crystal to changes of the light intensity. The fundamental u-component [ Fig. 2(f) ] has an elongated shape, and the dipole wcomponent [ Fig. 2(g) ] maintains its input profile. The two out-of-phase parts are 30 p n separated in the presence of the fundamental mode. This shows clearly that the repulsion of the two out-of-phase lobes of the dipole-beam is prevented in the presence of the elliptically shaped Gaussian beam of the same intensity. 
